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Abstract The purpose of this study was to investigate the
eﬀects of a submaximal aerobic exercise bout on
adiponectin and resistin levels as well as insulin sensi-
tivity, until 48 h post-exercise in healthy overweight
males. Nine subjects performed an exercise bout at an
intensity corresponding to approximately 65% of their
maximal oxygen consumption for 45 min. Adiponectin,
resistin, cortisol, insulin, glucose and insulin sensitivity
were measured prior to exercise, immediately after
exercise as well as 24 and 48 h after exercise. Data were
analyzed using repeated measures ANOVA while Pear-
son’s correlations were performed to identify possible
relationship among the assessed variables. There were
no signiﬁcant diﬀerences for adiponectin (lg ml1) [pre,
3.61(0.73); post, 3.15(0.43); 24 h, 3.15(0.81); 48 h,
3.37(0.76)] or resistin (ng ml1) [pre, 0.19(0.03); post,
0.13(0.03); 24 h, 0.23(0.04); 48 h, 0.23(0.03)] across time.
Insulin sensitivity increased and insulin concentration
decreased signiﬁcantly only immediately after exercise.
Furthermore, no signiﬁcant correlations were observed
among the variables assessed except for the expected
between insulin level and insulin sensitivity. These
results indicate that a submaximal aerobic workout does
not result in signiﬁcant changes in adiponectin and res-
istin up to 48 h post-exercise. Furthermore, it appears
that adiponectin or resistin is not associated with insulin
sensitivity.
Keywords Lipids Æ Metabolism Æ Fat Æ
Carbohydrates Æ Training Æ Obesity Æ Diabetes
Introduction
Adiponectin is a cytokine protein released by human
adipose tissue, which modulates various biological
functions and its levels exhibit an inverse relationship
with insulin resistance (Hotta et al. 2000; Maeda et al.
2001; Weyer et al. 2001). In addition, modiﬁcations in
body weight have been shown to inﬂuence the levels of
adiponectin (Esposito et al. 2003; Hulver et al. 2002).
These ﬁndings indicate that adiponectin may improve
insulin sensitivity. Exercise has been shown to increase
insulin sensitivity up to 48 h after an exercise session
(reviewed in Borghouts and Keizer 2000). Research on
the eﬀects of acute exercise on adiponectin levels has
produced conﬂicting results. There are studies which
have reported no eﬀect of acute exercise on adiponectin
levels in healthy, normal weight individuals (Ferguson
et al. 2004; Kraemer et al. 2003; Punyadeera et al. 2005).
On the other hand, Jurimae et al. (2005) reported a
signiﬁcant decrease immediately following exercise and
signiﬁcant increase 30 min post-exercise in healthy nor-
mal weight individuals, whereas Kriketos et al. (2004)
reported that very short exercise training (approximately
1 week) resulted in increased levels of adiponectin and
insulin sensitivity in obese individuals without a con-
comitant body weight loss. It is worth mentioning, that
none of the acute studies have examined the probable
prolonged eﬀect of exercise on adiponectin levels and its
relationship with insulin sensitivity.
Resistin is a newly discovered hormone that is pro-
duced by white and brown adipose tissue (Adeghate
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2004). Resistin is greatly increased in obesity and it is
thought to regulate glucose homeostasis and act as a
physiological antagonist to hepatic insulin action (Wolf
2004). Eventhough there are reports in the literature that
relate resistin with obesity and diabetes (Steppan et al.
2001), there is a lack of information as to what the ef-
fects of acute exercise on resistin levels.
Therefore, the purpose of this study was to examine
the eﬀects of acute exercise on serum levels of adipo-
nectin, resistin, and insulin sensitivity over a period of
48 h post-exercise in overweight individuals. Since it is
well known that in obesity large decreases in insulin
resistance are evident after acute and chronic exercise
(Henriksen 2002) and considering the proposed role of
adiponectin and resistin in insulin resistance we thought
that by employing overweight individuals the probabil-
ity to ﬁnd signiﬁcant alterations in the two hormones
increases.
Methods
Subject characteristics
Nine young overweight males volunteered to participate
in this study. A written informed consent was provided
by all participants after the volunteers were informed of
all risks, discomforts and beneﬁts involved in the study.
The procedures were in accordance with the Helsinki
declaration of 1975 and approval was received for this
study from Institutional Review Board. Inclusion crite-
ria included (1) BMI levels in between 27 and
32 kg m2, (2) not participating in a structured exercise
program for the last 6 months, (3) having stable weight
(smaller deviation of 2 kg) over the past 6 months, and
(4) not using tobacco products and alcohol consumption
2 days prior to data collection.
Experimental design
Body mass was measured to the nearest 0.5 kg (Seca
714, Seca Vogel & Halke GmbH & Co. KG, Hamburg,
Germany) with subjects lightly dressed and barefooted.
Standing height was measured to the nearest 0.5 cm
(Seca 714, Seca Vogel & Halke GmbH & Co. KG,
Hamburg, Germany). Waist-to-hip ratio and percentage
body fat was calculated according to the published
guidelines (ACSM guidelines 2000), i.e., from seven
skinfold measures (average of two measurements of each
site) using a Harpenden (HSK-BI, British Indicators,
Ltd, West Sussex, UK) skinfold caliper. Subjects visited
the lab where a maximal oxygen consumption (VO2max)
test on a cycle ergometer (Monark 834E, Sweden) was
performed. The protocol began at 50 W and was in-
creased by 25 W every 2 min until VO2max was reached.
Criteria used to determine VO2max were (1) subject
exhaustion, (2) a <2 ml kg1 min1 increase in VO2max
with an increase in work rate, (3) a respiratory exchange
ratio greater than or equal to 1.1, (4) a heart rate within
10 bpm of the theoretical maximum heart rate (220-age).
Respiratory gas variables were measured using a meta-
bolic cart (Vmax29; Sensormedics, USA), which was
calibrated before each test using standard gases of
known concentration. Exercise heart rate was monitored
by telemetry (Polar Tester, S610TM, Electro Oy, Fin-
land).
Exercise protocol
At least 5 days after the VO2max test and within 14 days,
subjects returned to the lab in the morning to perform a
sub-maximal workout on the cycle ergometer. Subjects
refrained from exercise 48 h prior to this visit and re-
ported in a fasted state (8–10 h). Subjects exercised for
45 min at an intensity corresponding to 65% of VO2max
which was calculated from results obtained of the sub-
jects’ maximal exercise test. Expired gas samples were
taken every 10 min to ensure the prescribed exercise
intensity. Subjects consumed 400 ml of water prior to
the beginning of exercise and consumed water ad libitum
during exercise.
Dietary analysis
Subjects were instructed to follow their usual eating
habits during the days of data collection. They were also
asked to record their diet the day prior to exercise bout
and for the next 2 days. Each subject had been provided
with a written set of guidelines for monitoring dietary
consumption and a record sheet for recording food in-
take. Diet records were analyzed using the computerized
nutritional analysis system Science Fit Diet 200A
(Scienceﬁt, Greece).
Blood collection and analysis
Post-exercise changes in plasma volume were computed
based on hematocrit and hemoglobin as described (Dill
and Costill 1974). The hematologic parameters were
measured in a Sysmex K-1000 (TOA Electronics, Japan)
autoanalyzer. Blood samples (10 ml) were collected
prior to exercise, immediately after exercise as well as 24,
and 48 h post-exercise. Blood was allowed to clot at
room temperature for 30 min and centrifuged at 1,500 g
to collect serum. The collected serum was stored in
multiple aliquots for assessment of glucose, insulin,
adiponectin, resistin, and cortisol. Insulin sensitivity was
assessed utilizing the Homeostasis Model Assessment
(HOMA-IR) method and calculated using the following
formula: fasting plasma glucose (mg dl1) · fasting
plasma insulin (lU ml1) · 4051 (Matthews et al.
1985). Glucose was analyzed using the kit from Elitech
Diagnostics (Sees, France). Insulin, adiponectin, resistin,
and cortisol were analyzed with commercially available
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ELISA kits (Phoenix Co., USA). The intra-assay coef-
ﬁcient of variation for glucose, insulin adiponectin, res-
istin, and cortisol were 5.1, 4.2, 5.4, 4.5, and 2.3%,
respectively.
Statistical analysis
Data are presented as mean (SEM). The distribution of
all dependent variables was examined by the Kol-
mogorov–Smirnov test and was found not to diﬀer sig-
niﬁcantly from normal. Data were analyzed through
ANOVA for repeated measurements.
When a signiﬁcant main eﬀect was observed, post hoc
analysis was performed with planned contrasts to
determine the location of the signiﬁcant diﬀerences.
Linear correlation analysis among the assessed variables
was carried out by Pearson’s product moment correla-
tion coeﬃcient. All statistics were performed utilizing
the SPSS (version 10, Chicago, IL, USA). The level of
signiﬁcance was set at P<0.05.
Results
The physical characteristics of the participants are
shown in Table 1. The range of the VO2max of the sub-
jects was in between 29.1 and 39.1 ml kg1 min1
whereas the average value was 32.8 ml kg1 min1. This
value puts this group of individuals in the 10th percentile
in the classiﬁcation for maximal aerobic power for their
age (ACSM 2000). The average cycling intensity was
64.1% of their VO2max. Dietary analysis prior to exercise
bout and for the next 2 days appears on Table 2.
Insulin level decreased and insulin sensitivity in-
creased signiﬁcantly post-exercise whereas glucose levels
remained unaltered (Fig. 1). Exercise did not result in
signiﬁcant changes in adiponectin, resistin or cortisol
concentrations (Fig. 2). None of the examined variables
appeared signiﬁcantly modiﬁed 24 and 48 h post-exer-
cise. Table 3 shows that we did not ﬁnd any signiﬁcant
correlation among variables except for between insulin
levels and HOMA-IR (r=0.957)
Discussion
The main ﬁnding of the present study is that acute
exercise did not aﬀect the levels of either adiponectin or
resistin as well as there were no any signiﬁcant correla-
tion between these two hormones with insulin sensitivity
either pre- or post-exercise.
Previous studies that examined the eﬀects of acute
exercise on adiponectin responses reported that trained
rowers experienced a signiﬁcant decrease in the levels of
adiponectin immediately after an acute bout of maximal
exercise that was followed by a signiﬁcant increase
30 min post-exercise (Jurimae et al. 2005). Kriketos et al.
(2004) reported a signiﬁcant increase in adiponectin
levels in obese sedentary males following a short-term
exercise training program (approximately 1 week). On
the contrary, Ferguson et al. (2004) reported no eﬀect of
a submaximal aerobic exercise bout on adiponectin
concentration in young healthy normal weight individ-
uals. Similarly, Kraemer et al. (2003) indicated that there
was no signiﬁcant increase in adiponectin levels in young
healthy males following a heavy continuous or inter-
mittent running exercise. Finally, Punyadeera et al.
(2005) reported no signiﬁcant changes in adiponectin
levels during exercise or recovery in healthy normal-
weight individuals.
Training studies have shown that exercise might not
be a signiﬁcant factor towards adiponectin modiﬁcations
(Marcell et al. 2005; Ryan et al. 2003). It seems that
modiﬁcations in body weight or body composition
might be responsible for alterations in adiponectin levels
(Esposito et al. 2003; Hulver et al. 2002; Monzillo et al.
2003). Recent reports indicate that in young obese men,
adiponectin levels are increased following an improve-
ment of the body composition and this is more impor-
tant than the way training is performed (Hara et al.
2005). The present study examined the acute eﬀects of
exercise where there was no evidence of body weight
change and this could explain the lack of modiﬁcations
in adiponectin levels.
Resistin is an adipocyte-released hormone that has
been positively correlated with several features of body
composition and insulin resistance (Steppan et al.
2001). Nevertheless, the physiological role of resistin
on obesity and insulin resistance is unclear, with some
studies reporting a signiﬁcant association between
Table 1 Physical characteristics of the participants
Variable Mean SEL
Age (years) 31.6 1.7
Weight (kg) 95.6 4.1
Height (cm) 182 4
BMI (kg m2) 28.9 0.5
Waist (cm) 110.0 1.1
Hip (cm) 102.6 0.9
W/H 1.08 0.01
Fat (%) 22.8 1.1
VO2max (ml kg
1 min1) 32.8 1.2
BMI body mass index, W/H waist-to-hip ratio
Table 2 Dietary analysis prior to exercise bout and for the next two
consecutive days
Pre-exercise 24 h 48 h
Energy intake (MJ/day) 11.8 (1.3) 12.4 (1.9) 12.2 (1.7)
CHO (%) 49.6 (4.3) 47.5 (4.8) 45.2 (6.2)
Fat (%) 38.9 (2.9) 38.9 (2.3) 39.4 (3.4)
Protein (%) 13.5 (1.3) 13.6 (2.4) 15.4 (1.8)
Data presented as mean (SEL)
CHO carbohydrates
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resistin levels, obesity, and insulin resistance (Fujinami
et al. 2004), whereas others do not (Lee et al. 2003).
To our knowledge, this is the ﬁrst study that examined
the eﬀects of acute exercise on resistin levels and re-
ported relatively stable levels of this hormone after
exercise. This ﬁnding is in accordance with the avail-
able chronic exercise studies that did not ﬁnd altera-
tions in the levels of the hormone after aerobic
training for several months (Giannopoulou et al. 2005;
Monzillo et al. 2003).
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Fig. 1 The eﬀect of exercise on glucose (a), insulin (b), and HOMA
(c) levels. Data presented as mean (SEL). Asterisk indicates value
signiﬁcantly diﬀerent compared to resting values
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Fig. 2 The eﬀect of exercise on adiponectin (a), resistin (b) and
cortisol (c) levels. Data presented as mean (SEM)
Table 3 Pearson’s correlation
coeﬃcients at rest among
insulin sensitivity, adiponectin,
resistin, cortisol, and variables
related to body composition
BMI body mass index,
HOMA-IR homeostasis model
assessment, W/H waist-to-hip
ratio
*Signiﬁcant at P < 0.001
HOMA-IR Adiponectin Resistin Cortisol Glucose Insulin W/H Fat
HOMA-IR
Adiponectin 0.357
Resistin 0.164 0.058
Cortisol 0.463 0.170 0.498
Glucose 0.507 0.313 0.043 0.058
Insulin 0.957* 0.286 0.164 0.510 0.241
W/H 0.237 0.443 0.355 0.400 0.217 0.214
Fat 0.061 0.358 0.628 0.642 0.118 0.115 0.184
BLI 0.351 0.313 0.201 0.454 0.346 0.233 0.296 0.575
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In conclusion, it appears that acute aerobic exercise
does not result in immediate or prolonged alteration in
adiponectin or resistin levels in healthy overweight
individuals. Therefore, these two hormones may not be
responsible for the well-known eﬀect of acute exercise to
decrease insulin resistance.
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